Literature data on light detection by cone and rod vision at absolute threshold are analysed in order (1) to decide whether the the&old performance of dark-adapted cone vision can, like that of rod vision, be consistently explained as limited by noise from a "dark light"; (2) to obtain comparable estimates of the dark noise and dark light of (foveal) cones and (peripheral) rods. The dark noise was estimated by a maximum-likelihood procedure from frequency-of-seeing data and compared with the dark ligbt derived from increment-threshold functions. In botb cone and rod vision, tbe estimated dark noise coincides with Poisson lluctuations of the estimated dark ligkt if 17% (best estimate) of &quanta incident at the cornea produce excitations. At that fraction of quaota exciting, dark lights are equivalent to 112 isomerisations per set in each foveal cone and 0.011 isomerlsations per set in each rod. It is concluded that (1) tbe threshold performance of dark-adapted cone as well as rod vision can be consistently described as noise-limited, but not by postulating a multiquantum coincidence requirement for single receptors; (2) the underlying intrinsic activity in botb the cone and the rod system is light-like as regards correspondence between noise e&ct aud background adaptation effect. One possibility is that this activity is largely composed of events identical to tbe single-pkoton response, originating in tbe visual pigment, in cones as well as in rods.
INTRODUCTION
In this work it is shown that the sensitivity and reliability of simple light detection by dark-adapted fovea1 cone vision, as well as by peripheral rod vision, can be consistently described as limited by noise from an intrinsic "dark light" (Autrum, 1943; Barlow, 1956 Barlow, , 1957a Barlow, , 1958a , but not by postulating that a certain number of quanta must coincide in at least one of independently operating receptors for a sensation to occur (van der Velden, 1944; Bouman & van der Velden, 1947 , 1948 Brindley, 1954 Brindley, , 1963 Cicerone & Nerger, 1989a,b; Vimal, Pokomy, Smith & Shevell, 1989; Wesner, Pokomy, Shevell & Smith, 1991) . In this respect, the two receptor systems appear to be essentially similar, and comparable estimates of their detectionlimiting dark noises are derived.
The intrinsic noise that interferes with light detection is formally translated into a noise-equivalent dark light, i.e. that real background light which by its Poisson fluctuations (quanta1 noise) would degrade the performance of an ideal observer to the level attained by the real visual system in darkness (Barlow, 1956) . A priori, this is just a way of quantifying the relevant variance and not committed to specific assumptions *Department of Zoology, University of Helsinki, Arkadiankatu 7, SF-00100 Helsinki, Finland. about underlying mechanisms. However, a main objective of the present work is to clarify to what extent the noise source is truly "light-like". A dark light was originally postulated to account for the fact that real background lights become effective in elevating visual thresholds only from a certain intensity, as if very dim backgrounds failed to significantly add to a steady illumination intrinsic to the system (Fechner, 1860; Aguilar & Stiles, 1954; reviewed in Barlow, 1957a ). This will be referred to as the illumination-equivalent dark light. To claim validity as more than formal postulates to describe two different phenomena, the noise-equivalent and illumination-equivalent dark lights must be of equal magnitude. It is shown that in both cone and rod vision an agreement is found at photometrically realistic values for the fractions of incident photons assumed to produce excitations. Thus, the variability of light detection and the susceptibility to desensitisation by background light can be explained by the same equivalent light.
A natural (although not necessary) inference is that the dark light could be largely composed of quanta1 excitations in the photoreceptors identical to those caused by photons, placing the source in the visual pigment molecules (Autrum, 1943; Barlow, 1956 Barlow, , 1957b . For rods, this idea is basically consistent with current noise recorded in single cells in darkness (Baylor, Nunn dz Schnapf, 1984). For cones, there is no evidence
